Non-capsulated variants of Bacillus anthracis have been said not to revert to the capsulated state. However, in the present work, capsulated revertants were isolated from about half the non-capsulated strains tested either by exposure to phage W a , which attacks only non-capsulated organisms, or by passage in mice.
INTRODUCTION
Virulent strains of Bacillus anthracis form mucoid colonies of capsulated orgnnisms when grown under appropriate conditions (Nungester, 1929 ; Schaefer, 1936 ;  Sterne, 1937a, b ; Thorne, Gomez & Housewright, 1952) . After several days' incubation, these colonies may show rough outgrowths which contain non-capsulated avirulent variants presumably arisen by mutation (Stamatin, 1934; Schaefer, 1936; Sterne, 1937a, b ; Chu, 1952) . Examination of rough variants isolated from many different strains of B. unthracis has led to the belief that they never revert to the virulent capsulated type, even on animal passage (Bail, 1915; Sterne, 1937a , b; Chu, 1952) ; and since they retain the toxigenic (see Smith 4" Keppie, 1955) , and thus the immunizing, activity of the parental type (Bail, 1915; Stamatin & Stamatin, 1936; Stamatin, 1937) , they have been widely and successfully used during the last 25 years for the immunization of domestic animals (Sterne, 1 9 3 9~) .
Non-reverting mutants are especially convenient for genetic experiment, since parental types can only appear following recombination. Consequently, various known methods of gene transfer were tested for their ability to transmit the C + genes which determine capsule production to a rough (C -) recipient strain. Any C + recombinants were to be selected by phage Wa, which attacks non-capsulated, but not capsulated, organisms (McCloy, 1951) . This experiment led to the unexpected finding of mucoid colonies on control plates which had received only bacteria of the non-capsulated (C -) strain, and phage Wcc. These colonies could not have arisen by transduction (Zinder & Lederberg, 1952) , since the phage stock had been grown on a genetically identical strain. Thus it seemed that, contrary to what has been generally accepted, a t least some C-variants were able to revert to the C + forni. Further tests on a number of rough variants arising independently from several anthrax strains have shown that many, though not all, revert to the capsulated virulent form. It should be added that each of the C-variants was purified by three successive single spore isolations before being tested for reversion, so as to exclude contamination by C + organisms of the parental culture. Thorne (1960) briefly mentioned the appearance of C + colonies in rough cultures exposed to phage, and Wright, Puziss & Neely (1962) observed the emergence of C + clones while studying the formation of protective antigen by C-strains in a chemically defined medium.
METHODS

Media.
Nutrient broth was made of Lab. Lemco 0.1 yo (w/v), Tryptone (Oxoid) 0.2 % (w/v), Peptone (Oxoid) 1 % (w/v) and NaClO.7 % (w/v). Nutrient agar contained nutrient broth solidified with 1.5% (w/v) Davis N.Z. agar. Cultures incubated in air, particularly those used for the production of spore suspensions, were often grown on plates containing 2 parts nutrient agar and 1 part 1.5% (wlv) solution of liver extract (Oxoid). For production of capsules, the bacteria were grown on nutrient agar containing either 20 yo (v/v) horse serum or 0.025 M-NaHCO, and incubated in air + CO, (i.e. about 30 yo of the air replaced by CO,).
Spore suspensions. A confluent growth of bacteria on liver agar was incubated for several days a t 37' and then suspended in distilled water and incubated for some further days (Hardwick & Foster, 1952) . Suspensions were sometimes lightly centrifuged to remove clumps; only those in which the spores were well dispersed and in which no vegetative bacteria could be seen were finally used.
Phage stocks. Stocks of phage W a grown on non-capsulated variants of the atypical strain Davis (McCloy, 1958) were used in most experiments, but occasionally phage grown on two other strains was used, as described in the next section. Lysates were freed from bacteria by filtration through Seitz filters, and had titres of 5 x 109 to 2 x 1010 plaque-forming particles/ml.
Strains of Bacillus anthracis tested. Isolation and purification of C -clones. Eleven strains tested were received in the C -state and produced only rough nonmucoid colonies on serum or bicarbonate agar incubated in air + CO,. These comprised: (1) 2 strains used as vaccines, CN 1874 and CN 3518 (respectively 3 4~2 and v8Rl from Ondestepoort, South Africa), received from Mr H. Proom, The Wellcome Research Laboratories, Beckenham, Kent; (2) 7 strains received from Dr G. Ivhnovics, Universitatis Medicae Szegediensis, Szeged, Hungary, 5 of which had been reported as non-reverting to the capsulated state (Ivhnovics & Foldes, 1958); (3) 1 strain received from Dr J. Davis, Public Health Laboratory, County Hall, Westminster Bridge, London; (4) 1 strain from the author's stocks. Nine strains when received produced a mixture of mucoid and rough colonies, or only mucoid colonies; C -variants were then isolated by picking a rough colony or a rough outgrowth from a mucoid colony. The C-strains were rigorously purified in view of Sterne's (1937 a, b) opinion that any apparent reversions to capsulation observed either by himself or other workers (Schaefer, 1936) were in reality the result of incomplete purification of the rough isolate, which had not been entirely freed from capsulated bacteria carried over from the parent strain. Three successive singlecolony isolations were therefore made by allowing the C-clone to sporulate, plating the resultant spore suspension for single colonies, and repeating the procedure twice more be€ore accepting a C-clone as pure. This ensured that, in each cycle, each colony arose from a single spore and not from entangled chains of vegetative forms.
Isolation of C + bacteriafrom C -strains. Serum or bicarbonate agar plates were spread with 0.2 ml. of undiluted phage W a preparation and 108-109 spores of the C -strain, and then, as quickly as possible, transferred to an anaerobic jar in which 20-30% (v/v) of the air was then replaced with CO,. Spores, which do not adsorb the phage, were used as inocula, since it was thought that in this way any C + organisms which might be present would remain resistant to the phage until they reached the atmosphere of CO, in which they could develop the protective capsule. Mucoid colonies which appeared were subcultured several times to free them from contaminating phage, and before being tested for virulence were shown to be phagesensitive (on ordinary agar in air) and non-lysogenic (Ivhnovics, 1962) .
Virulence tests. The C + strains were tested at doses of about lo4, 103, 102 and 10 spores, and the C -at doses of about 107, lo6, lo5 and lo4 spores, three mice being used per dose which was given intraperitoneally in 0.2 ml. sterile distilled water. At the same time, viable counts were made on ordinary agar and on serum or bicarbonate agar incubated in air + CO,; the C + strains produced an occasional C -colony, but with the C -strains, only rough non-niucoid colonies were seen. Mice which died were examined post mortem, and a sample of heart blood cultured on serum or bicarbonate agar in air + CO,.
RESULTS
Selection with phage grown on the same strain. Non-capsulated (C -) variants were isolated from the C + strains 2160s and Davis (McCloy, 1958) . These strains are asporogenous and greatly attenuated from causes other than the absence of a capsule. Strain 2160s is a smooth colony variant (Nungester, 1929; Sterne, 1938) isolated from a virulent strain, 2160, by growth in broth containing calcium chloride (Renaux, 1952) . Since these strains did not form spores, the C-variants were simply put through three successive single-colony isolations with plating on serum agar in air + CO, in order to detect any possible mucoid sectors in the colonies. The third strain tested, 1444, produced spores. Stocks of phage were grown on each of these three C-strains, and each strain yielded a small proportion (about lo-') of C + colonies when plated with phage which had been grown on itself. Since the strain tested and the last host of the phage were identical, the C + colonies could only have arisen by selection, and this conclusion was confirmed for strain 1444 by isolating C + bacteria from the blood of mice fatally infected with large doses of the C -strain. Since strains 2160s and Davis were virtually avirulent even in the C + state, no attempts were made to isolate C + from C-bacteria of these strains by animal passage.
Tests with phage grown on C -strain Davis. Table 1 shows the results of tests on 30 C-variants isolated from 21 strains of Bacillus anthracis. C + bacteria were found in 17 of the 30 C-cultures at frequencies of 7 x to
Eleven of the C -variants were also inoculated into mice, and all but one produced some fatal infections in high doses of 106 or more spores. With 5 of the 11 strains, C + bacteria were found in the heart blood post mortem; fatal infections with the other 5 yielded only C-bacteria.
Diflerences between independent C -isolates. The most obvious difference was that C + revertants were obtained from some, but not all, C -variants, even when these were isolated from the same C + parental strain. When several independent C -E. W. MEYNELL variants were isolated from five C + strains, the fractions giving C + revertants were 3, 9, #, 8, and &, respectively. The change C + to C-thus seems to resemble variation in other characters which may or may not revert, where the non-reverting mutation is often due to deletion or inversion in the genome (see Demerec & Hartman, 1959) . C-variants appear more readily in some C + strains than in others (Sterne, 1937 b) which is probably a t least in part because C -bacteria can grow out from the mucoid parent colony more readily when they form long chains. Typical rough outgrowths were never seen with one of the C + strains examined, but only indentations or narrow borders of non-mucoid growth around the mucoid colonies. The reason for this was most probably that, under conditions unsuitable for capsule production, the colonies of this strain were rather smooth instead of having the rough form associated with long chains of bacteria. These non-mucoid areas contained organisms which killed about 5 0 % of mice given 105 spores, although there was no evidence from microscopic examination that traces of capsule were still present, as found by Schaefer (1936) in some of his variants. Highly mucoid C + revertants were found in some fatally infected mice, and could also be isolated by culture with phage W a .
DISCUSSION
Conditions favouring the production of mucoid colonies and short bacillary chains by capsulated (C + ) forms of Bacillus anthracis are considered to confer a selective advantage on non-capsulated (C -) variants which eventually project outwards from the colony towards new sources of nutrient (Chu, 1952) . C + revertants are not seen when C-bacteria are simply cultured in air+CO,, which may partly explain why C-variants have so long been stated to be non-reverting. Another observation which supported this belief was the absence of fatal infections in cattle and other animals vaccinated with C-cultures (Sterne, 1939a, b) . The present results show that at least half the C-variants isolated from C + strains revert to C + , and also that the kind of C-variant produced (reverting or nonreverting) is not determined by the C + parental strain. C + revertants are recovered only when C-cultures are exposed to a selective agent like phage Wa, which attacks non-capsulated, but not capsulated, bacteria (McCloy, 1951) , or to the anti-bacterial mechanisms present in mice which preferentially kill C -organisms. Mice may select C + bacteria more efficiently than other animals, for their immunity to anthrax may depend on anticapsular antibody (Tomcsik & Iviinovics, 1938; IvQnovics, 1938; Sterne 1939b; Gladstone, 1946) , unlike other animals such as the guinea-pig, rabbit or sheep (Stamatin, 1937 (1937 b, 1939 a ) and from the many more tested by Chu (1952). This is surprising in view of the present results, but it must be mentioned that the two vaccine strains, CN 1874 and CN 3518, originally from Dr Sterne's collection, did not revert in the present tests. These and other rough variants used for active immunization are not likely to have been derived from C + strains that gave only non-reverting C -variants. Dr Sterne tells me that his C + strains were chosen at random, and that the explanation may be that he tested as possible vaccines only those C -cultures which remained free from capsulated bacteria, and dismissed any C + bacteria as contaminants carried over from the original C + parental strain.
